α-Amylases (EC 3.2.1.1) hydrolyze internal α-1,4-glucosidic linkages of starch and 1 related glucans. Bacillus sp. AAH-31 produces an alkalophilic thermophilic α-amylase 2 (AmyL) of higher molecular mass, 91 kDa, than typical bacterial α-amylases. In this 3 study, the AmyL gene was cloned to determine its primary structure, and the 4 recombinant enzyme, produced in Escherichia coli, was characterized. AmyL shows no 5 hydrolytic activity towards pullulan, but the central region of AmyL (Gly395-Asp684) 6 was similar to neopullulanase-like α-amylases. In contrast to known neopullulanase-like 7 α-amylases, the N-terminal region (Gln29-Phe102) of AmyL was similar to 8 carbohydrate-binding module family 20 (CBM20), which is involved in the binding of 9 enzymes to starch granules. Recombinant AmyL showed more than 95% of its 10 maximum activity in a pH range of 8.2-10.5, and was stable below 65°C and from pH laundry detergents to remove food residues on dishes and food stains from clothes.
1)

8
According to a sequence-based classification of glycoside hydrolases (GHs),
2) 9 α-amylases are classified into GH families 13, 57, and 119, while most enzymes are 10 found in GH family 13. GH family 13 is the largest of the GH families. It is composed
11
of various retaining GHs and glycosyltransferases that act on α-glucans such as starch,
12
maltooligosaccharides, and sucrose. 3) Enzymes of this family show three-dimensional 13 structures similar to enzymes belonging to GH families 70 and 77, and hence these 14 families are categorized into clan GH-H, regarded as the α-amylase family.
15
GH family 13 enzymes share three domains (A, B, and C).
3) Domain A is the 
23
Bacillus sp. AAH-31, first isolated from Japanese paddy soil, produces extracellular 24 liquefying α-amylase (AmyL), which is highly stable at high pH and temperatures.
5)
25
Many alkaline α-amylases have been identified in various alkalophilic bacteria, 6-11) but
26
AmyL is more stable at high temperature than the known alkalophilic enzymes. Industries, Osaka, Japan) was added to induce production of the recombinant protein.
7
The induction culture was carried out at the same temperature for 3 h. Bacterial cells by centrifugation, the cell-free extract was applied to a Ni-chelating column by
11
Chelating Sepharose Fast Flow (GE Healthcare, Uppsala, Sweden To evaluate pH and temperature stabilities, the enzyme solution was incubated at 7 various pHs and temperatures, and residual activity was measured by the standard 8 enzyme assay. For the pH studies, the enzyme solution was incubated in 100 mM ice. The enzyme was considered to be stable in those ranges of pH and temperature over 12 which the enzyme maintained more than 90% of its original activity. experiments.
27
For the analysis of maltotriose as substrate, a reaction mixture (100 μL) consisting of 49.5-94.5 nM enzyme, 100 mM Tris-HCl buffer (pH 9.5), 1-8 mM maltotriose (Wako 1 Pure Chemical Industries), and 0.025 mg/mL of Triton X-100 was incubated at 50°C for 2 10 min, and heated at 100ºC for 10 min to terminate the reaction. After the addition of of gel filtration standards (Bio-Rad) was used to calibrate the molecular mass. of each of the mutant enzymes was introduced into E. coli BL21 (DE3), and the 7 enzymes were prepared in the same fashion as the wild type. 
Results
10
Cloning and sequence analysis of AmyL
11
The N-terminal and partial internal amino acid sequences of AmyL purified from the and P2 and genomic DNA as template, a 488 bp DNA fragment was obtained (Fig. 1) .
17
The sequence of P3 was confirmed in the deduced amino acid sequence of the DNA Twenty-eight amino acid residues at the N-terminal, which were not found in the 3 native enzyme, are predicted to be a signal peptide by the Signal-P 4.0 program. 19 
Production and characterization of recombinant AmyL
14
Recombinant AmyL with a His-tag at the C-terminal (rAmyL) was produced in E.
15
coli BL21 (DE3), and purified to homogeneity by Ni-chelating column chromatography.
16
Sixteen mg of the purified enzyme, with a specific activity of 60.9 U/mg, was obtained 17 from a 300-mL culture. The molecular mass of rAmyL was estimated to be 107 kDa,
18
close to the value obtained by SDS-PAGE (91 kDa), by gel filtration column 19 chromatography, indicating that rAmyL is a monomer in solution. rAmyL retained more 20 than 90% of its maximum activity in a broad pH range, 7.8-10.5, as observed for the 21 native enzyme (Fig. 3) . 5) At high pH values, rAmy was less active than the native 22 enzyme. It retained more than 90% of its original activity below 65°C (for 15 min at pH 23 9.5) and from pH 6.4 to 11.9 (for 24 h at 4ºC). At 70°C and higher temperatures, rAmy 24 was more rapidly inactivated than the native enzyme. The native enzyme is stable in a 25 pH range of 6.4-10.3, and thus rAmy was more stable at alkaline pH values.
26
The kcat values of rAmyL for soluble starch, γ-CD, and maltotriose were 103 ± 9 s -1 , This result indicates that pNPG5 is hydrolyzed mainly through two productive binding 7 modes covering subsites -4 to +2 and subsites -3 to +3.
8
A binding assay using raw cornstarch was carried out because a CBM20-like region 
Site-directed mutagenesis to three conserved Trp residues in the N-terminal
15
CBM20-like sequence of AmyL
16
To confirm the function of the CBM-like region in the process of binding to soluble soluble starch, respectively, resulting in a 1.9-fold higher kcat/Km than the wild type.
27 Table 1 1
Discussion
2
In this study, we analyzed the primary structure of AmyL, the enzymatic were not found at the corresponding positions of the related enzymes, were predicted to 14 be situated at the loops connecting the 4th β-strand and the 4th α-helix, and the 7th 15 β-strand and the 7th α-helix, respectively. These residues might be important for high 16 thermostability, because Pro residues situated at loops connecting secondary structures 17 were postulated to be important for high thermostablity.
25)
18
In contrast to AmyL, which is a monomer in solution, many neopullulanase-like the formation of subsite -2 (Fig. 4) . 31) In neopullulanase-like α-amylases, short loop 8 connecting the 8th β-strand and the 8th α-helix appears to make space for binding to 9 pullulan, and thus this long loop of AmyL might result in steric hindrance that disturbs 10 the process of binding to pullulan.
11
In this study, we found that AmyL has a catalytic domain similar to 12 neopullulanase-like α-amylases, although it has no hydrolytic activity towards pullulan.
13
In addition, we found that the N-terminal CBM20-like domain contributed to the 
12
The amino acid sequences of the N-terminal region of AmyL and CBM20s, the Data are mean ± standard deviation for three independent experiments.
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